Vitamin D deficiency is a global health problem. Its deficiency has been reported to be associated with different autoimmune diseases. The aim of this study was to evaluate the relationship between vitamin D level and thyroid antibodies in primary hypothyroidism.
Introduction
Vitamin D deficiency is a global health problem [1] . There is increasing interest in the role of vitamin D deficiency in a number of chronic health problems including autoimmune diseases [2, 3] . The demonstration of vitamin D receptor in monocytes, dendritic cells, and activated T cells indicates significant interaction between vitamin D and immune system [4, 5] .
As an immune modulator, vitamin D reduces activation of the acquired immune system. Hence, vitamin D deficiency has been shown to be associated with autoimmune diseases, including rheumatoid arthritis, systemic lupus erythematosus, inflammatory bowel disease, multiple sclerosis, and type 1 diabetes, and that vitamin D supplementation prevents the onset and/or development of these autoimmune diseases [6] . Hashimoto thyroiditis (HT) is an autoimmune progressive inflammatory disorder of the thyroid gland. A dense lymphocytic infiltration of the gland is involved in the pathogenesis of HT. The incidence of this disease is 2% with a peak in women 30-50 years old [7] . generation of cytokine, which plays an important role in developing autoimmune thyroiditis [8] . Some studies were performed to elucidate the association between vitamin D deficiency and HT. However, the results of these studies are insufficient for clear information [9] [10] [11] [12] . The aim of this study was to evaluate the relation between vitamin D level and thyroid antibodies in primary hypothyroidism.
Patients and methods
A total number of 90 individuals were enrolled in this case-control study, selected from the outpatient clinic of Endocrinology Department of Ain Shams University Hospitals during the autumn months of 2017. Participants were divided into the following groups: group I included 60 naïve patients with hypothyroidism representing the case group, and this group was further subdivided according to retrospective selection into 30 patients with autoimmune thyroid disease (AITD), HT and 30 patients without autoimmune thyroid disease. Group II included 30 apparently healthy participants matched for age and sex, representing a control group.
Participants with a history of other autoimmune disease, thyroidectomy, and chronic diarrhea or patients with a history suggestive of malabsorption, diabetes, malignancy, and chronic renal or liver diseases were excluded. Furthermore, participants who took vitamin or calcium supplements and medications that may interfere with serum levels of 25 (OH) vitamin D (e.g., antiepileptics, steroids, methotrexate, isoniazid, thiazides, antacids, calcium channel blockers, and anticonvulsants) were not included in this study.
This study was conducted after approval from the Institutional Ethics Committee. All participants gave informed consent.
All enrolled individuals were subjected to complete history takingemphasizingonsymptomsofhypothyroidism,useof medications as well as exclusion of other systems disorders. Anthropometric parameters were obtained while the participant was standing erect and barefoot. Height and weight were determined using standardized conventional methods. BMI was calculated as weight (kg) divided by height (m) squared. Systolic blood pressure and diastolic blood pressure were measured with a mercury sphygmomanometerwiththepatientinthesittingposition.
Laboratory measurements
After fasting overnight for 10-12 h, blood samples were collected for the following measurements: 25 (OH) vitamin D, thyroid-stimulating hormone (TSH), free thyroxine (FT4), free triiodothyronine (FT3), ionized calcium, creatinine, aspartate aminotransferase (AST), and alanine aminotransferase (ALT).
Test procedure for the determination of 25 (OH) vitamin D in human serum by ELISA kit (DRG International Inc., Mountain Avenue, Springfield, USA) is a solid-phase enzyme-linked immunosorbent assay (ELISA), based on the principle of competitive binding. Serum 25 (OH) vitamin D concentrations of less than 10 ng/ml (<25 nmol/l) were defined as vitamin D deficiency and from 10 to 29 ng/ml (25-72.5 nmol/l) as insufficiency. A value of 25(OH) vitamin D concentration from 30 to 100 ng/ml (75-250 nmol/l) was considered as normal vitamin D level, whereas greater than 100 ng/ml (>250 nmol/l) as toxicity [13] . Estimation of anti-thyroglobulin antibodies (anti-TG) was done using the DRG-anti-thyroglobulin ELISA kit (DRG International Inc.). Normal range is 0-100 U/ml. So, values greater than 100 U/ml were considered positive.
Participants with elevated anti-TPO and/or anti-TG serum levels underwent thyroid ultrasound to confirm the diagnosis of AITD. Thyroid ultrasonography was performed using high-frequency linear probe 5-12 MHz of ATL HDI 500 Machine (DOTmed. com Inc. Broadway, New York, USA). Elevated serum levels of thyroid autoantibodies, together with characteristic ultrasonographic features (diffuse parenchymal hypoechogenicity and/or heterogeneous echogenic pattern of thyroid gland) were used for diagnosis of AITD.
Statistical analysis
Statistical package for the social science program, version 15, was used for an analysis of data. Data were summarized using mean±SD for quantitative and numbers and percentages for categorical variables. Student's t test was used to compare the difference between the two groups. χ 2 test was used to compare qualitative data. An analysis of variance test was done in comparison between more than two groups. Correlation between variables of interest was performed using Pearson's correlation. The significance of the test was determined according to the P value to be as follows: not significant if P value more than 0.05, significant if P value less than 0.05, and highly significant if P value less than 0.01.
Results
This study enrolled 90 participants who were subdivided into two groups: group I included 60 patients recently diagnosed with hypothyroidism, where 30 patients of them were found to have AITD (evidenced by autoimmune features, elevated anti-TPO, and/or anti-TG serum levels, together with ultrasonographic features) and 30 showed no evidence of autoimmunity, and group II included 30 apparently healthy participants representing a control group. The clinical and biochemical characteristics of the study groups are listed in Table 1 with AITD vs. 10.72±8.58 mU/l in patients without AITD, P<0.01) and ionized calcium (0.96±0.12 mmo/ l in patients with AITD vs. 1.10±0.06 mmo/l in patients without AITD).
Regarding 25 (OH) vitamin D level, there was a highly significant difference between patients with AITD and patients without AITD (12.6±5.5 vs. 14.5±7.3 ng/ml, respectively, P<0.01), as well as between patients with AITD and control group (12.6±5.5 vs. 20.67 ±13.33 ng/ml, respectively, P<0.01), and between patients without AITD and control group (14.5±7.3 vs. 20.67±13.33 ng/ml, respectively, P<0.01) (Fig. 1) . Moreover, vitamin D deficiency was more frequent in patients with AITD (43.3%) versus in patients without AITD (23.3%).
Within patients group (Table 3) , highly significant positive correlations were recorded between serum 25 (OH) vitamin D and each of FT3 (r=0.368, P<0.01) and serum ionized calcium levels (r=0.574, P<0.01). Moreover, there was a significant positive correlation between serum 25 (OH) vitamin D and FT4 (r=0.598, P<0.05). On the contrary, there was a significant negative correlation between serum 25 (OH) vitamin D and TSH (r=−0.459, P<0.01), anti-TPO (r=−0.582, P<0.01), and anti-TG (r=−0.324, P<0.05).
Receiver operating characteristic analysis was performed to find out the cutoff value for vitamin D (Fig. 2) . In receiver operating characteristic curve analysis, the cutoff value for vitamin D between the control group and patients was less than or equal to 13, and 80.00% sensitivity and 76.67% specificity (area under the curve, 0.822) were observed.
Discussion
Vitamin D has been suggested to be active as an immunomodulator in autoimmune diseases such as HT. The goal of the present study was to investigate the vitamin D status in Egyptian patients with HT and to evaluate the relation between vitamin D level and thyroid antibodies in primary hypothyroidism. Few studies have been conducted to find any significant association between the levels of vitamin D and hypothyroidism and to determine whether vitamin D deficiency is involved in the pathogenesis of hypothyroidism or is a consequence of the disease.
In our study, there was a high significant difference regarding vitamin D level among the studied groups; vitamin D level was 13.08±3.58 ng/ml in patients with hypothyroidism versus 20.67±13.33 ng/ml in control group. Regarding vitamin D status, it was deficient in 33.3% and insufficient in 66.7% in patients with 
AITD, autoimmune thyroid disease; ALT, alanine aminotransferase; ANOVA, analysis of variance; AST, aspartate aminotransferase; BMI, body mass index; F/M, female/male; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone. a χ 2 test. P 1 , patients with AITD versus patients without AITD. P 2 , patients with AITD versus control group. P 3 , patients without AITD versus control group. P value more than 0.05 is not significant. P value less than 0.05 is significant. P value less than 0.01 is highly significant.
hypothyroidism, whereas it was deficient in 6.7% and insufficient in 73.3% in control group. This is in agreement with Friedman who explained the low levels of vitamin D in patients with hypothyroidism by two mechanisms. First, it may be owing to poor absorption of vitamin D from the intestine. Second, the body may not activate vitamin D properly. Importantly, both vitamin D and thyroid hormone bind to similar receptors called steroid hormone receptors. A different gene in the vitamin D receptor was shown to predispose people to AITD including Graves' disease and HT [13] .
Also, Kivity and colleagues reported that the prevalence of vitamin D deficiency [25 (OH) vitamin D level <25 nmol/l] was significantly higher in 50 patients with AITD compared with 98 healthy individuals (72 vs. 30.6%, respectively, P<0.001). Vitamin D deficiency was also found to be correlated with the presence of antithyroid antibodies (P=0.01), suggesting the involvement of vitamin D in the pathogenesis of AITD [4] .
Moreover, we found that 43.3% of patients with AITD had vitamin D deficiency, whereas only 23.3% of patients without AITD had vitamin D deficiency (P=0.001). And, 56.7% of patients with AITD were vitamin D insufficient in comparison with 76.7% of patients without AITD. However, serum TSH level was higher in patients without AITD (10.72±8.58 mU/ l) than in patients with AITD (6.73±4.91 mU/l) (P=0.01). This may suggest that vitamin D Figure 1 Comparison between patients with AITD, patients without AITD, and control group regarding 25 (OH) vitamin D level. AITD, autoimmune thyroid disease. On the contrary, Saler et al. [22] observed that HT is not associated with vitamin D deficiency in Turkish women and found that 25 (OH) vitamin D concentrations were not associated with thyroid autoantibodies (P>0.05).
The controversial and varying results of the studies are partly owing to interassay and interlaboratory variability in the measurements of 25 (OH) vitamin D, seasonal variations in blood sampling of 25 (OH) vitamin D, differences in the selection of patients, dietary vitamin D intake, exposure to sunlight, and the different cutoff levels used to define vitamin D deficiency or insufficiency.
Conclusion
Significantly lower levels of vitamin D were documented in patients with AITD. Deficiency of vitamin D was linked to the presence of thyroid autoantibodies and abnormal thyroid functions. Further studies are required to determine whether vitamin D deficiency is the causal factor or the consequence of primary hypothyroidism, and to provide insight into the efficacy and safety of vitamin D as a therapeutic tool for AITD.
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